Cold formed steel differ from hot rolled steel by its lesser thickness and weight. The cold formed steel applicable in roof purlin, pipe racks and wall panels etc. Due its lesser wall thickness the cold formed steel member subjected to buckling. The enhancement of load carrying capacity of the cold formed steel member can be achieved by external strengthening of CFRP. In this study cold formed channel members connected back to back to form I shaped cross section using screws. These built up beam members were 300mm, 400mm and 500mm in length with 100mm screw spacing and edge distance of 50mm were chosen for testing. CFRP fabric cut according to length, width of built up beams and wrapped outer surface of beam using epoxy resin. Experiments were carried out in two sets firstly plain built up beams and secondly CFRP wrapped beams. The test results shows that increased load carrying capacity and reduction in deflection due to CFRP strengthening. Experimental results were compared with AISI standards which are in good agreement. Experimental results shows that CFRP strengthening is economic and reliable.
INTRODUCTION
In early 20 th century cold formed steel members were manufactured in USA. The main difference in cold formed steel section to hot rolled steel section is lesser thickness. Due to its small thickness it can offer various complex shapes. These sections are subjected to various failure modes [1] . Cold formed steel beams are subjected to instabilities such as local, distortional, lateral-torsional buckling and their interactions. These failure modes may effect on the ultimate strength of cold formed steel members which may possible at cross section yield [2] . The buckling in cold formed steel members causes due to low torsional stiffness, high slenderness and geometric imperfections [3] . Laterally braced edge stiffened lipped channel members moment capacity were tested. The moment capacity may be affected by local bucking and distortional buckling [4] . The cold formed steel members proved to be best in architectural appearances, corrosion resistant and ease of fabrication [5] .
When High modulus of CFRP used for strengthening of steel beams which increases the ultimate load and stiffness [6] . Carbon fibre reinforced polymers are one of the composite material using in a construction industry which are applicable in strengthening and repair of a structural member. These material used because of very high stiffness to-weight and strengthto-weight and durability in aggressive environments [7] . Circular hollow beam sections are strengthened using CFRP which are tested for flexural strength, the results shows that the enhancement of strength and moment capacity [8] .
In this experimental studies CFRP strengthened cold formed steel built up beams of various lengths, thickness were tested and corresponding maximum loads at failure, modes of failure, effect of screw, economic studies and deflection were noted. The experimental results were compared with AISI standards and reported.
METHODOLOGY

Test Specimens
The built up beams of length 300mm, 400mm and 500mm chosen for testing with a thickness of 0.6mm, 0.75mm and 1mm.
These built up beams were procured from Bluescope Lysaght Malaysia sdn Bhd. The modulus of elasticity, ultimate tensile strength, poison's ratio are 2.06x10 5 N/mm 2 , 674.8MPa and 0.3 respectively. The cross sectional properties of cold formed steel built up beams are mentioned in Table 2 . Carbon fibre reinforced polymer flat sheets procured from Mapei Malaysia Sdn Bhd which is MAPEWRAP C UNI-AX 300/50 having mechanical properties of tensile strength, weight and thickness were 181. 
Tension Coupon Tests
Tension coupon tests were conducted to know the true stress-strain properties of cold formed steel and CFRP as shown in the Figure 3 and 4. The cold formed steel cut into 12.5 mm width, 200mm length with a gauge length of 50mm as shown in Figure 3 . The CFRP fabric cut into 50mm width and 250mm length as shown in Figure 4 . The dimensions of tension coupon specimens were obtained from ASTM standards [22] . The prepared test specimens were placed in a pneumatic and mechanical grips according to the sizes in the universal testing machine with a pre load of 250N and test speed of 3mm/min. The true stress-strain values obtained from the tension coupon test are summarised in Table 1 . 
Testing of Beams
The prepared cold formed beams were tested in universal testing machine with a load capacity of 300kN. The single point load is applied on the mid span of the beam. The cold formed beams were placed in the adjustable platform of maximum one metre length, the platform was adjusted according to the length of the beam. The beams were externally connected with linear variable displacement transducer (LVDT) to measure the vertical displacement of the beam. There were two LVDT connected to beam, one located at the one third span another at the mid span of the beam. Data logger was connected to this set up to record the results on every increment of load. The test set up as shown in Figure 5 and 6. 
Design Rule
The following design procedure is applied to calculate the maximum allowable bending moment and maximum allowable load for the I-shaped flexural members subjected to buckling as specified in AISI 2007 [9] . The following specification apply to I, Z, C and other singly symmetric sections. 
Mn
RESULTS AND DISCUSSIONS
The experimental investigation of cold formed plain and CFRP strengthened built up beams results are discussed. The flexural members load carrying capacity of specified beams were tested and reported as shown in the Table 3 . Experimental results were compared with maximum load resistance calculated using AISI specification as shown in Table 4 . Experimental results of deflection and failure modes were observed and discussed.
Load Carrying Capacity of Built Up Beams
The tests were conducted on plain and CFRP strengthened beams, results are as shown in Table 3 .
There is an increase in capacity ranges from 9.19 % to 25.88% with an average increase of 18.9% as compared in Table 3 . The enhancement of strength due to increase in cross section area of built up members and achieving the strong stiffness in CFRP wrapping. Maximum load observed from the experimental studies were compared with maximum load capacities calculated using AISI specification and tabulated in Table 4 . 
Deflection
Deflection were measured using two LVDT, positions are as shown in Figure 5 and 6. The deflections were observed in both plain and CFRP strengthened sections. From the experimental results it is noted that CFRP wrapping reduce the deflection in the built up members due to increased cross sectional area of built up column and stiff bonding of cold formed steel and CFRP. In plain built up beams maximum deflection noted as 12.35 mm and 11mm deflection noted in CFRP strengthened built up beams at one third span.
The maximum deflection noted as 14.15 mm and 13.1 mm noted in the mid span of the plain and CFRP strengthened beams respectively. The deflection of plain and CFRP strengthened cold formed steel beams at one third ad mid span as shown in Figure 7 and 8. 
Modes of Failure in Built Up Beams
The failure were observed in the plain and CFRP strengthened built up beam sections. The cold formed steel beams were failing by local bucking as shown in Figure 9 -12. Local buckling is the one where corner of the beam is in fixed position, in this study local buckling mainly observed in bottom flange of the beam. The flanges are having free edges which allow to buckle the flanges. Since the two channels were connected back to back using screws at web portion of the beam, hence there is less chances buckle at the web portion. 
Effect of Screws on Built Up Beams
Cold formed steel provide an additional opportunity to connect its members with screws, where as hot rolled steel is limited to weld, revit and bolt connection. The self-tapping screws were connected in two rows as shown in Figure 1 . The minimum spacing of the screws should not be less three times the diameter of the screws and minimum edge distance of the screws should not be less than the 1.5 times the diameter of the screws [4] . The strength of the each screws were calculated as per AISI specification as shown in Table  5 . The design strength were calculated for 1mm thick cold formed steel section with a screw diameter of 5.43mm. Table 5 shows that each screw can take shear strength of 9.89kN and 5.49kN pull over strength. 
Economic Studies on CFRP Srengthening
The economic studies were made on the CFRP strengthening to one metre length of cold formed steel beam with replacing a new one metre length beam. The cost of cold formed steel beam per metre length provided by Lysaght BlueScope steel sdn Bhd. Malaysia. Table 6 shows that cost comparison of CFRP strengthening and replacing of new cold formed beam. The results shows that CFRP strengthening is economical. In replacing of new member the use of machineries may create impact and vibrations to subsequent members which may effect on connections. 
CONCLUSION
In this experimental study maximum loads, failure modes and deflection at one third length and mid length position were noted for plain and CFRP strengthened cold formed steel beams. The CFRP wrapping is one of the promising technique which increases 18.9% of the load carrying capacity. Experimentally tested plain sections maximum loads were compared with maximum load capacities calculated using AISI standards, where all the beam failed before attaining maximum load resistance. Failure modes were noted in this study and majority of the beams failing by local buckling, where flanges of the channel section were free edges which prone to buckle easily compare to web. observed at the one third length and mid length of the beam, as expected more deflection observed at the mid length. The design strengths of screw on attaching the two cold formed were calculated and reported. The economic studies shows that CFRP strengthening technique is economical compared to replacing a new member.
